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FOREWORD 

The work reported herein was sponsored by the National Aeronautics 
and Space Administration (NASA),  Marshall Space flight Center (MSFC) 
(I-E-J),   under System 921E,   Project 9194. 

The results of the tests presented were obtained by ARO, Inc.  (a sub- 
sidiary of Sverdrup & Parcel and Associates,  Inc.),   contract operator of 
the Arnold Engineering Development Center (AEDC),  Air Force Systems 
Command (AFSC),  Arnold Air Force Station,   Tennessee,   under Contract 
AF40(600)-1200.    Program direction was provided by NASA/MSFC; tech- 
nical and engineering liaison were provided by North American Aviation, 
Inc.,   Rocketdyne Division,  Manufacturer of the J-2 rocket engine; and 
engineering liaison was provided by Douglas Aircraft Company,  manu- 
facturer of the S-IVB stage.    The testing reported herein was conducted 
on July 6 and 7,   196 7,   in Propulsion Engine Test Cell (J-4) of the Large 
Rocket Facility (LRF) under ARO Project No.  KA1801.    The manuscript 
was submitted for publication on August 11,   1967. 

Information in this report is embargoed under the Department of 
State International Traffic in Arms Regulations.    This report may be 
released to foreign governments by departments or agencies of the 
U.S.  Government subject to approval of NASA,  Marshall Space Flight 
Center (LE-J),   or higher authority.    Private individuals or firms 
require a Department of State export license. 

This technical report has been reviewed and is approved. 

Harold Nelson,  Jr. Leonard T. Glaser 
Captain,   USAF Colonel,   USAF 
AF Representative, LRF Director of Test 
Directorate of Test 

li 



AEDC-TR-67-181 

ABSTRACT 

Four firings of the Rocketdyne J-2 rocket engine were conducted in 
Test Cell J-4 of the Large Rocket Facility.    The firings were accom- 
plished during test period J4-1801-01 at pressure altitudes ranging 
from 97, 000 to 108, 000 ft at engine start to evaluate S-V/S-II gas gener- 
ator ignition characteristics for J-2 engine J-2052.    Engine components 
were temperature conditioned to the predicted values for the S-II 
interstage/engine environment.    Satisfactory engine operation was ob- 
tained.    The accumulated firing duration was 45. 3 sec. 
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SECTION I 
INTRODUCTION 

Testing of the Rocketdyne J-2 rocket engine (S/N J-2052) using a 
S-IVB battleship stage has been in progress since July 1966 at AEDC 
in support of the J-2 engine application on the Saturn IB and Saturn V 
launch vehicles for the NASA Apollo Program.    The four firings re- 
ported herein were conducted during test period J4-1801-01 on July 6 
and 7,   1967,   in Propulsion Engine Test Cell (J-4) (Figs.   1 and 2, 
Appendix I) of the Large Rocket Facility (LRF) to investigate J-2 engine 
S-V/S-II gas generator ignition characteristics.    These firings were 
accomplished at pressure altitudes ranging from. 97, 000 to 108, 000 ft 
(geometric pressure altitude,  Z,   Ref.   1) at engine start and with pre- 
dicted S-II interstage/engine temperature conditions as the targets for 
conditioning engine components. 

Data collected to accomplish the test objectives are presented here- 
in.    Copies of all data obtained during this test have been previously 
supplied to the sponsor,  and copies are on file at AEDC.    The results 
of the previous test period are presented in Ref,   2, 

SECTION II 
APPARATUS 

2.1   TEST ARTICLE 

The test article was a J-2 rocket engine (Fig.   3) designed and 
developed by Rocketdyne Division of North American Aviation, Inc.   The 
engine uses liquid oxygen and liquid hydrogen as propellants and has a 
thrust rating of 225, 000 lbf at an oxidizer-to-fuel mixture ratio of 5.5. 
A S-IVB battleship stage was used to supply propellants to the engine. 
A schematic of the battleship stage is presented in Fig.  4. 

Listings of major engine components and engine orifices for this 
test period are presented in Tables I and II,  respectively (Appendix II), 
All engine modifications and component replacements performed since 
the previous test period are presented in Tables III and IV,  respectively. 
The thrust chamber heater blankets were in place during this test period, 
although they were not utilized. 
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2.1.1   J-2 Rocket Engine 

The J-2 rocket engine (Figs.   3 and 5,   Ref.   3) features the following 
major components: 

1. Thrust Chamber - The tubular-walled,  bell-shaped thrust 
chamber consists of an 18. 6-in. -diam combustion chamber 
(8.0 in.  long from the injector mounting to the throat inlet) 
with a characteristic length (L*) of 24. 6 in.,   a 170. 4-in.2 

throat area,  and a divergent nozzle with an expansion ratio of 
27. 1.    Thrust chamber length (from the injector flange to the 
nozzle exit) is 107 in.    Cooling is accomplished by the circula- 
tion of engine fuel flow downward from the fuel manifold through 
18U tubes and then upward through 360 tubes to the injector. 

2. Thrust Chamber Injector - The injector is a concentric-orificed 
(concentric fuel orifices around the oxidizer post orifices), 
porous-faced injector.    Fuel and oxidizer injector orifice areas 
are 25. 0 and 16. 0 in.2,   respectively.    The porous material, 
forming the injector face,   allows approximately 3. 5 percent of 
total fuel flow to transpiration cool the face of the injector. 

3. Augmented Spark Igniter - The augmented spark igniter unit is 
mounted on the thrust chamber injector and supplies the initial 
energy source to ignite propellants in the main combustion 
chamber.    The augmented spark igniter chamber is an integral 
part of the thrust chamber injector.    Fuel and oxidizer are ig- 
nited in the combustion area by two spark plugs. 

4. Fuel Turbopump - The turbopump is composed of a two-stage 
turbine-stator assembly,   an inducer,   and a. seven-stage axial- 
flow pump.    The pump is self lubricated and nominally produces, 
at rated conditions,   a head rise of 35,517 ft {1225 psia) of liquid 
hydrogen at a flow rate of 8414 gpm for a rotor speed of 
26, 702 rpm. 

5. Oxidizer Turbopump - The turbopump is composed of a two- 
stage turbine-stator assembly and a single-stage centrifugal 
pump.    The pump is self lubricated and nominally produces,  at 
rated conditions,   a head rise of 2117 ft (1081 psia) of liquid 
oxygen at a flow rate of 2907 gpm for a rotor speed of 8572 rpm. 

6. Gas Generator - The gas generator consists of a combustion 
chamber containing two spark plugs,   a pneumatically operated 
control valve containing oxidizer and fuel poppets,  and an in- 
jector assembly.    The oxidizer and fuel poppets provide a fuel 
lead to the gas generator combustion chamber.    The high energy 
gases produced by the gas generator are directed to the fuel 
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turbine and then to the oxidizer turbine (through the turbine 
crossover duct) before being exhausted into the thrust-cham- 
ber at an area ratio (A/At) of approximately 11. 

7. Propellant Utilization Valve - The motor-driven propellant 
utilization valve is mounted on the oxidizer turbopump and by- 
passes liquid oxygen from the discharge to the inlet side of the 
pump to vary engine mixture ratio. 

8. Propellant Bleed Valves - The pneumatically operated fuel and 
oxidizer bleed valves provide pressure relief for the boiloff of 
propellants trapped between the battleship stage prevalves and 
main propellant valves at engine shutdown. 

9. Integral Hydrogen Start Tank and Helium Tank - The integral 
tanks consist of a 7258-in.3 sphere for hydrogen with a 
1000-in.3 sphere for helium located within it.    Pressurized 
gaseous hydrogen in the start tank provides the initial energy 
source for spinning the propellant turbopumps during engine 
start.    The helium tank provides a helium pressure supply to 
the engine pneumatic control system, 

10. Oxidizer Turbine Bypass Valve - The pneumatically actuated 
oxidizer turbine bypass valve provides control of the fuel 
turbine exhaust gases directed to the oxidizer turbine in order 
to control the oxidizer-to-fuel turbine spinup relationship.    The 
fuel turbine exhaust gases which bypass the oxidizer turbine are 
discharged into the thrust chamber. 

11. Main Oxidizer Valve - The main oxidizer valve is a pneumatically 
actuated,  two-stage,  butterfly-type valve located in the oxidizer 
high pressure duct between the turbopump and the main injector. 
The first-stage actuator positions the main oxidizer valve at 
the 14-deg position to obtain initial thrust chamber ignition; the 
second-stage actuator ramps the main oxidizer valve full open 
to accelerate the engine to main-stage operation. 

12. Main Fuel Valve - The main fuel valve is a pneumatically 
actuated butt er fly-type valve located in the fuel high pressure 
duct between the turbopump and the^uel manifold. 

13. Pneumatic Control Package - The pneumatic control package 
controls all pneumatically operated engine valves and purges. 

14. Electrical Control Assembly - The electrical control assembly 
provides the electrical logic required for proper sequencing of 
engine components during operation. 
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15.     Primary and Auxiliary Flight Instrumentation Packages - The 
instrumentation packages contain sensors required to monitor 
critical engine parameters.    The packages provide environ- 
mental control for the sensors. 

2.1.2   S-IVB Baltleship Stage 

The S-IVB battleship stage is approximately 22 ft in diameter and 
49 ft long and has a maximum propellant capacity of 46, 000 lb of liquid 
hydrogen and 199, 000 lb of liquid oxygen.    The propellant tanks,  fuel 
above oxidizer,   are separated by a common bulkhead.    Propellant pre- 
valves,  in the low pressure ducts (external to the tanks) interfacing the 
stage and the engine,   retain propellant in the stage until being admitted 
into the engine to the main propellant valves and serve as emergency 
engine shutoff valves.    Propellant recirculation pumps in both fuel and 
oxidizer tanks are utilized to circulate propellants through the low pres- 
sure ducts and turbopumps before engine start to stabilize hardware tem- 
peratures near normal operating levels and to prevent propellant tem- 
perature stratification.    Vent and relief valve systems are provided for 
both propellant tanks. 

Pressurization of the fuel and oxidizer tanks was accomplished by 
facility systems using hydrogen and helium,   respectively,  as the pres- 
surizing gases.    The engine-supplied gaseous hydrogen and gaseous 
oxygen for fuel and oxidizer tank pressurization during S-Il flight were 
routed to the respective facility venting systems. 

2.2   TEST CELL 

Test Cell J-4,   Fig.   2,   is a vertically oriented test unit designed 
for static testing of liquid-propellant rocket engines and propulsion sys- 
tems at pressure altitudes of 100, 000 ft.    The basic cell construction 
provides a 1. 5-million-lbf-thrust capacity.    The cell consists of four 
major components (1) test capsule,   48 ft in diameter and 82 ft in height, 
situated at grade level and containing the test article; (2) spray chamber, 
100 ft in diameter and 250 ft in depth,  located directly beneath the test 
capsule to provide exhaust gas cooling and dehumidification; (3) coolant 
water,   steam,  nitrogen (gaseous and liquid),  hydrogen (gaseous and 
liquid),   and liquid oxygen and gaseous helium storage and delivery sys- 
tems for operation of the cell and test article; and (4) control building, 
containing test article controls,  test cell controls,   and data acquisition 
equipment.    Exhaust machinery is connected with the spray chamber and 
maintains a minimum test cell pressure before and after the engine firing 
and exhausts the products of combustion from the engine firing.    Before 
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a firing, the facility steam ejector, in series with the exhaust machinery, 
provides a pressure altitude of 100, 000 ft in the test capsuLe. A detailed 
description of the test cell is presented in Ref. 4. 

The battleship stage and the J-2 engine were oriented vertically 
downward on the centerline of the diffus er-steam ejector assembly. 
This assembly consisted of a diffuser duct (20 ft in diameter by 150 ft 
in length),  a centerbody steam ejector within the diffuser duct,  a dif- 
fuser insert (13. 5 ft in diameter by 30 ft in length) at the inlet to the 
diffuser duct,  and a gaseous nitrogen annular ejector above the diffuser 
insert.    The diffuser insert was provided for dynamic pressure recovery 
of the engine exhaust gases and to maintain engine ambient pressure alti- 
tude (attained by the steam ejector) during the engine firing.    The annular 
ejector was provided to suppress steam recirculation into the test cap- 
sule during steam ejector shutdown.    The test cell was also equipped 
with (1) a gaseous nitrogen purge system for continuously inerting the 
normal air in-leakage of the cell; (2) a gaseous nitrogen repressuriza- 
tion system for raising test cell pressure,   after engine cutoff, to a level 
equal to spray chamber pressure and for rapid emergency inerting of 
the capsule; and (3) a spray chamber liquid nitrogen supply and distribu- 
tion manifold for initially inerting the spray chamber and exhaust duct- 
ing and for increasing the molecular weight of the hydrogen-rich exhaust 
products. 

An engine component conditioning system was provided for tem- 
perature conditioning engine components.    The conditioning system 
utilized a liquid hydrogen-helium heat exchanger to provide cold helium 
gas for component conditioning.    Engine components requiring tempera- 
ture conditioning were the thrust chamber,  crossover duct,  pneumatic 
regulator,  and main oxidizer valve closing control line and second-stage 
actuator.    Helium was routed internally through the crossover duct and 
tubular-walled thrust chamber and externally over the pneumatic regu- 
lator and main oxidizer valve closing control line and second-stage 
actuator. 

2.3 INSTRUMENTATION 

Instrumentation systems were provided to measure engine,  stage, 
and facility parameters.    The engine instrumentation was comprised of 
(1) flight instrumentation for the measurement of critical engine param- 
eters and (2) facility instrumentation which was provided to verify the 
flight instrumentation and to measure additional engine parameters.   The 
flight instrumentation was provided and calibrated by the engine manu- 
facturer; facility instrumentation was initially calibrated and periodically 
recalibrated at AEDC.    Appendix III contains a list of all measured test 
parameters and the locations of selected sensing points. 
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Pressure measurements were made using strain-gage-type pres- 
sure transducers.    Temperature measurements were made using 
resistance temperature transducers and thermocouples.    Oxidizer and 
fuel turbopump shaft speeds were sensed by magnetic pickup.    Fuel and 
oxidizer flow rates to the engine were measured by turbine-type flow- 
meters which are an integral part of the engine.    The propellant recir- 
culation flow rates were also monitored with turbine-type flowmeters. 
Engine side loads were measured with dual-bridge,  strain-gage-type 
load cells which were laboratory calibrated before installation.    Vibra- 
tions were measured by accelerometers mounted on the oxidizer injector 
dome and on the turbopumps.    Primary engine and stage valves were in- 
strumented with linear potentiometers and limit switches. 

The data acquisition systems were calibrated by (1) precision elec- 
trical shunt resistance substitution for the pressure transducers,   load 
cells,   and resistance temperature transducer units; (2) voltage substi- 
tution for the thermocouples; (3) frequency substitution for shaft speeds 
and flowmeters; and (4) frequency-voltage substitution for accelerometers. 

The types of data acquisition and recording systems used during this 
test period were (1) a multiple-input digital data acquisition system 
(MicroSADIC  ) scanning each parameter at 40 samples per second and 
i ecording on magnetic tape,  (2) single-input,  continuous-recording FM 
systems recording on magnetic tape,  (3) photographically recording 
galvanometer oscillographs,  (4) direct-inking,  null-balance potentiometer- 
type X-Y plotters and strip charts,   and (5) optical data recorders.    Appli- 
cable systems were calibrated before each test (atmospheric and altitude 
calibrations).    Television cameras,  in conjunction with video tape re- 
corders,  were used to provide visual coverage during an engine firing, 
as well as for replay capability for immediate examination of unexpected 
events. 

2.4  CONTROLS 

Control of the J-2 engine,   battleship stage,   and test cell systems 
during the terminal countdown was provided from the test cell control 
room.    A facility control logic network was provided to interconnect the 
engine control system,  major stage systems,  the engine safety cutoff 
system,  the observer cutoff circuits,  and the countdown sequencer.    A 
schematic of the engine start control logic is presented in Fig.   6.    The 
sequence of engine events for a normal start and shutdown is presented 
in Figs.  7a and b.    Two control logics for sequencing the stage pre- 
valves and recirculation systems with engine start for simulating engine 
flight start sequences are presented in Figs.   7c and d. 
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SECTION III 
PROCEDURE 

Pre-operational procedures were begun several hours before the 
test period.    All consumable storage systems were replenished,  and 
engine inspections,  leak checks,   and drying procedures were conducted. 
Propellant tank pressurants and engine pneumatic and purge gas samples 
were taken to ensure that specification requirements were met.    Chemi- 
cal analysis of propellants was provided by the propellant suppliers. 
Facility sequence,   engine sequence,   and engine abort checks were con- 
ducted within a 24-hr time period before an engine firing to verify the 
proper sequence of events.    Facility and engine sequence checks con- 
sisted of verifying the timing of valves and events to be within specified 
limits; the abort checks consisted of electrically simulating engine mal- 
functions to verify the occurrence of an automatic engine cutoff signal. 
A final engine sequence check was conducted immediately preceding the 
test period. 

Oxidizer dome,  gas generator oxidizer injector,   and thrust chamber 
jacket purges were initiated before evacuating the test cell.   After com- 
pletion of instrumentation calibrations at atmospheric conditions,  the test 
cell was evacuated to approximately 0. 5 psia with the exhaust machinery, 
and instrumentation calibrations at altitude conditions were conducted. 
Immediately before loading propellants on board the vehicle, the cell and 
exhaust-ducting atmosphere was inerted.    At this same time,  the cell 
nitrogen purge was initiated for the duration of the test period,   except 
for the engine firing.    The vehicle propellant tanks were then loaded, 
and the remainder of the terminal countdown was conducted.    Tempera- 
ture conditioning of the various engine components was accomplished 
as required,  using the facility-supplied engine component conditioning 
system.    Engine components which required temperature conditioning 
were the thrust chamber,  the crossover duct, pneumatic regulator, 
main oxidizer valve closing control line,   and main oxidizer valve 
second-stage actuator.    Table V presents the engine purges and 
thermal conditioning operations during the terminal countdown and 
immediately following the engine firing. 
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4.1   TEST SUMMARY 

SECTION IV 

RESULTS AND DISCUSSION 

Four firings of the J-2 rocket engine were conducted on July 6 and 1, 
1967,  during test period J4-1801-01 to investigate the J-2 engine 
S-II/S-V gas generator ignition characteristics.    These firings com- 
pleted the first series of S-II start transient investigation testing at 
AEDC (Ref.   2).    Testing was accomplished at pressure altitudes ranging 
from 9 7, 000 to 108, 000 ft at engine start and with predicted S-II 
interstage/engine temperature conditions as the targets for conditioning 
engine components.    Each engine firing was preceded by a 1-sec fuel lead. 

User test requirements requesting temperature conditioning of the 
turbine crossover duct,  pneumatic regulator,  main oxidizer valve second- 
stage actuator,   and main oxidizer valve closing control line within speci- 
fied limits for 30 min before the engine firing were not completely 
attained because of inadequate control of the conditioning systems. 
Table VI presents the conditioning targets for the engine components and 
the measured test conditions at engine start. 

Specific test objectives and a brief summary of the results are as 
follows: 

Firing Test Objectives 

01A To investigate gas generator 
ignition characteristics for 
S-II worst-case gas gener- 
ator second peak tempera- 
ture conditions and to verify 
nominal engine performance 

01B        To determine the effect of 
thrust chamber temperature 
on S-II gas generator igni- 
tion characteristics by 
comparing the test results 
with firing 01A 

Results 

Main oxidizer valve component 
temperatures were colder than 
the conditioning targets.    A gas 
generator second peak tempera- 
ture did not occur; an initial 
peak temperature of 2170°F was 
recorded.    Calculated engine 
thrust was 2. 62 percent higher 
than rated thrust. 

Engine conditioning compared 
closely with that for firing 01A, 
except for a 90°F colder thrust 
chamber.    The initial peak tem- 
perature was 1950°F.   Inadequate 
fuel quantity to sustain gas 
generator combustion appeared 
to exist for 93 msec immediately 
after ignition. 
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Firing 

01C 

OlD 

Test Objectives 

To determine the effect of 
crossover duct temperature 
on S-1I gas generator igni- 
tion characteristics by com- 
paring the test results with 
firing 01B 

To investigate gas generator 
ignition characteristics for 
S-II worst-case gas gener- 
ator second peak tempera- 
ture conditions 

Results 

Engine conditioning compared 
closely with that for firing 
01B,   except for a 60°F colder 
crossover duct.    The initial 
peak temperature was 2000°F. 
Inadequate fuel quantity to sus- 
tain gas generator combustion 
appeared to exist for 87 msec 
immediately after ignition. 

Engine conditioning compared 
closely with the target tem- 
peratures,   except main oxidizer 
valve second-stage actuator, 
which was 13°F warm.    A gas 
generator second peak tem- 
perature of 1550°F was recorded; 
the initial peak temperature was 
1990&F. 

The-presentation of the test results in the following sections will 
consist of a discussion of each engine firing with pertinent comparisons. 
The data presented will be those recorded on the digital data acquisition 
system,  except as noted. 

4.2  TEST RESULTS 

4.2.1   Firing J4-1801-01A 

The programmed 30-sec engine firing was successfully accomplished. 
Test conditions at engine start are presented in Table VI.    Engine start 
and shutdown transients are shown in Fig.   8.    Table VII presents selected 
engine valve operating times for start and shutdown.    Engine ambient 
pressure altitude at engine start was 97, 000 ft.    Figure 9 presents engine 
ambient pressure and combustion chamber pressure for the firing dura- 
tion.    Combustion chamber pressure reflects the propellant utilization 
valve excursion at about \Q + 10 sec, which changed the engine mixture 
ratio from 5. 0 to 5.5.    The increase in cell pressure during the firing 
to 0. 412 psia (80, 000 ft) resulted from excessive secondary flow, 
caused by a leaking facility gaseous nitrogen annular ejector supply valve. 

Thermal conditioning history of selected engine components is shown 
in Fig.   10.    The rapid chilling of the main oxidizer valve closing control 
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Line and the second-stage actuator,  beginning at about tQ - 60 sec,   re- 
sulted from additional chilled helium,  which was diverted from the 
terminated thrust chamber chill.    The main oxidizer valve component 
temperatures colder than the specified conditioning limits would tend 
normally to produce a higher gas generator second peak temperature. 
For all subsequent engine firings,  all thermal conditioning systems were 
terminated at approximately to - 60 sec. 

The gas generator ignition characteristics for S-II worst-case gas 
generator second peak temperature conditions are shown in Fig.   11. 
Ignition occurred at tQ + 0. 656 sec,  beginning engine bootstrap opera- 
tion,   and was characterized with the absence of gas generator fuel sys- 
tem backflow,   which was prevalent during previous S-II testing at AEDC. 
A gas generator second peak temperature was not experienced because 
the main oxidizer valve movement from the plateau position,  beginning 
at to + 0. 988 sec,   occurred before engine conditions could be developed 
which would produce the second peak temperature.    The gas generator 
initial peak temperature was 2170CF.    Thrust chamber ignition,  which 
produces the engine conditions for terminating the temperature peak, 
occurred at tg + 0. 965 sec. 

An abnormally high gas generator peak temperature of 2100°F 
occurred during shutdown (Fig.   12).    The closing of the gas generator 
propellant control valve appeared nominal.    The high temperature peak 
was attributed to a leaking gas generator oxidizer purge check valve. 
The valve apparently leaked oxidizer into the purge system during the 
firing and expelled it into the chamber immediately after shutdown during 
the normal purging operations, 

The fuel pump start transient performance is presented in Fig.   13. 
Transient fuel pump head /flow data compared conservatively with the 
pump stall inception data. 

Vibration,   in excess of 150 g in the 960- to 6000-Hz frequency range, 
was encountered for 120 msec beginning at to + 0. 969. 

Engine steady-state performance data are presented in Table VIII. 
The data presented were for a 1-sec data average from 29 to 30 sec and 
were computed using the Rocketdyne PAST 640,   modification zero,  per- 
formance computer program.    Engine test measurements required by 
the program and the program computations are presented in Appendix IV. 
Engine performance for this test was higher than nominal.    Calculated 
engine thrust,   corrected for vacuum conditions,  was 230, 900 lbf,   which 
is 2. 6 2 percent higher than rated thrust.    Normalized performance data 
revealed that the gas generator fuel supply orifice was slightly oversize 
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and that the orifice in the oxidizer turbine bypass nozzle was slightLy 
undersize. 

4.2.2   Firing J4-1801-01B 

The engine firing was successfully accomplished for the programmed 
5-sec duration.    Test conditions at engine start are presented in Table VI. 
Figure 14 presents the engine start and shutdown transients.    Selected 
engine valve operating times for start and shutdown are presented in 
Table VII.    Engine ambient pressure altitude at engine start was 
106, 000 ft with an average pressure altitude of 97, 000 ft during engine 
main-stage operation.    Engine ambient pressure and combustion cham- 
ber pressure for the firing duration are presented in Fig.   15. 

Thermal conditioning history of selected engine components is shown 
in Fig.   16.    Engine component conditioning for this firing compared suffi- 
ciently close to the firing 01A conditioning to permit determination of the 
influence of the variable, thrust chamber temperature.    Thrust chamber 
throat temperature for firing 01B was -25 7°F as compared to -163°F for 
firing 01A. 

The gas generator ignition characteristics are presented in Fig.   17. 
Ignition occurred at to + 0. 644 sec.    Fuel for ignition was gaseous 
hydrogen from the start tank discharge,  since gas generator fuel in- 
jector pressure (reflecting start tank discharge) was approximately 
40 psia higher than fuel pump discharge pressure (Fig,   18}.    As a result, 
reverse flow from the gas generator into the fuel system occurred 
throughout the time period from fuel poppet valve opening until after igni- 
tion.    Immediately after ignition, the flame was apparently extinguished 
for approximately 93 msec because of inadequate fuel quantity to sustain 
combustion,    This is evident by the decay of gas generator fuel injector 
pressure and chamber pressure. 

Comparison of gas generator ignition for firings 01A and 01B 
(Fig.   17) reveals that the gas generator ignition anomaly on firing 01B 
displaced the gas generator transient temperature by about 50 msec. 
The initial temperature peak recorded for firing 01B was 1950°F,  as 
compared with 2170°F for firing 01A.    A second peak temperature was 
not experienced on either firing because the main oxidizer valve move- 
ment from the plateau position,  beginning at to + 1 sec (Table VI), 
occurred before engine conditions could be developed which would pro- 
duce the second peak temperature. 

The effect of the colder thrust chamber for firing 01B was a lower 
gas generator energy during the bootstrap transient period.    This 
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condition,   along with the gas generator ignition anomaly,   resulted in 
firing 01B having a lower spin speed of the turbines and lower propel- 
lant pump discharge pressures than did firing 01A.    Therefore,   a longer 
time was required for thrust chamber ignition (defined as the time that 
combustion chamber pressure attains 100 psia) and for combustion 
chamber pressure to attain main-stage operation (indicated in Table VI 
by the time required for combustion chamber pressure to attain 550 psia). 
The effect of thrust chamber temperature on the gas generator initial 
peak temperature cannot be meaningfully established by comparing 
firings 01A and 01B because of the gas generator ignition anomaly on 
firing 01B. 

The gas generator shutdown for firing 01B was nominal,   as shown 
in Fig.   19.    A fuel-rich environment at shutdown caused the momentary 
drop in temperature; probe and hardware cooling is reflected there- 
after. 

Transient fuel pump head/flow data,  as compared to the pump stall 
inception data,   are presented in Fig.   20.    Firing 01B data more nearly 
approached a high level stall than did firing 01A,  although a conserva- 
tive stall margin existed for both firings. 

Vibration,   in excess of 150 g in the 960- to 6 000-Hz frequency 
range,   was experienced for 13 msec beginning at tn + 0,999 sec. 

4.2.3   Firing J4-180U01C 

The programmed 5-sec engine firing was successfully accomplished. 
Test conditions at engine start are presented in Table VI.    Figure 21 
shows the engine start and shutdown transients.    Table VII presentb 
selected engine valve operating times for start and shutdown.    Engine 
ambient pressure altitude at engine start was 108, 000 ft with an average 
pressure altitude at 99, 000 ft during engine main-stage operation. 
Engine ambient pressure and combustion chamber pressure for the firing 
duration are presented in Fig.   22. 

Thermal conditioning history of selected engine components is shown 
in Fig.   23.    Engine component conditioning for this firing compared 
sufficiently close to that of firing 01B to permit determination of the influ- 
ence of the variable, crossover duct temperature.    The crossover duct 
temperature was approximately 60°F colder along the length of the duct 
for firing 01C than for firing 01B. 

The gas generator ignition characteristics are presented in Fig. 24, 
Ignition occurred at to + 0. 659 sec.    Fuel for ignition was gaseous hydrogen 
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from the start tank discharge since the gas generator fuel injector pres- 
sure (reflecting start tank discharge) was approximately 45 psia higher 
than the fuel pump discharge pressure (Fig.   18).    As a result,  reverse 
flow from the gas generator into the fuel system occurred throughout the 
time period from fuel poppet valve opening until after ignition.    Analog 
data indicated that the oxidizer poppet valve was allowed to travel in a 
closing direction during ignition.    Immediately after ignition the flame 
was apparently extinguished for approximately 87 msec because of in- 
adequate fuel quantity to sustain combustion.    This is evident by the 
decay of gas generator fuel injector pressure and chamber pressure. 

The gas generator initial peak temperature recorded was 2010°F; 
again no second peak temperature was experienced because the main 
oxidizer valve movement from the plateau position,  beginning at 
to + 1. 007 sec,  occurred before engine conditions could be developed 
which would produce the second peak temperature, 

Figure 24 shows a comparison of the gas generator ignition char- 
acteristics for firings 01B and 01C.    The effect of crossover duct tem- 
perature on the gas generator initial peak temperature cannot meaning- 
fully be established by comparing these firings because of the occurrence 
of an ignition anomaly on both firings.    However,  from the data collected, 
no appreciable effect was observed. 

The gas generator shutdown on firing 01C is shown in Fig.   25.    The 
fuel-rich environment at shutdown caused the momentary drop in tem- 
perature; probe and hardware cooling is reflected thereafter. 

Transient fuel pump head /flow data comparison with the pump stall 
inception data is presented in Fig.   26.    A conservative pump stall 
margin was maintained throughout the engine start transient. 

Engine vibration in excess of 150 g in the 960- to 6000-Hz fre- 
quency range was recorded for 149 msec. 

4.2.4 Test J4-1801-01D 

This was a successful engine firing for a 5. 072-sec duration.    The 
pressure altitude at engine start was 108, 000 ft with an average altitude 
of 102, 000 ft during engine main-stage operation.    Ambient engine pres- 
sure and combustion chamber pressure during the firing are shown in 
Fig.   27.    The engine start and shutdown transients are shown in Fig. 28, 
Selected engine valve operating times for start and shutdown are pre- 
sented in Table VII. 
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Before engine start,  engine components were thermally conditioned. 
Temperature histories of these components are shown in Fig.   29.    Test 
conditions at engine start are presented in Table VI.    Comparing com- 
ponent temperature conditions at engine start for firings 0 1A and 01D, 
thrust chamber temperature averaged approximately 40°F colder for 
firing 01D,  and the main oxidizer valve components averaged approxi- 
mately 50°F colder for firing 01D. 

The gas generator start transient characteristics are shown in 
Fig.   30.    Ignition occurred at tg + 0. 642 sec.    Fuel for ignition was 
gaseous hydrogen from the start tank discharge,  since the gas gener- 
ator fuel injector pressure was approximately 10 psia higher than the 
fuel pump discharge pressure at ignition (Fig.   18).    Analog data during 
gas generator ignition show that the oxidizer poppet valve was momen- 
tarily allowed to travel in a closing direction.    Gas generator ignition 
was followed immediately by an apparent low energy combustion from 
tQ + 0. 6 74 sec to to + 0. 697 sec.    The gas generator initial peak tem- 
perature was 1990°F; a second peak temperature of 1547°F was recorded. 
The main oxidizer valve moved from its 14-deg position at to + 0.984 sec 
but did not continue to ramp open until XQ + 1. 29 sec.    This,   coupled with 
a lower buildup rate of the fuel pump discharge pressure as a result of a 
colder thrust chamber for firing 01D than for firing 01A,  resulted in an 
increase in the gas generator mixture ratio and subsequently the second 
peak temperature on firing 01D.    Gas generator shutdown for firing 01D 
was nominal,   as shown in Fig.   31. 

Transient fuel pump head/flow data compared with the pump stall in- 
ception data are presented in Fig. 32. The head/flow data for this firing 
more nearly approached a low level pump stall than did firings 01A, 01B, 
and 01C; however,  a conservative stall margin was maintained. 

Engine vibration in excess of 150 g in the frequency range from 960 
to 9000 Hz was experienced for 168 msec beginning at tQ + 0. 946 sec. 

4.3   POST-TEST INSPECTION 

The post-test visual inspection of the J-2 engine showed that the 
gas generator temperature probe was eroded.    In addition,   engine leak 
checks revealed that the gas generator oxidizer purge check valve was 
leaking.    Replacement components were subsequently installed.    No 
other engine irregularities were observed. 
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SECTION V 

SUMMARY OF RESULTS 

The results of the four firings of the Rocketdyne J-2 rocket engine 
conducted on July 6 and 7,   1967,  in Test Cell J-4 are summarized as 
follows: 

1. Adequate engine-component conditioning was realized for all 
engine firings to permit an evaluation of the influence that the 
engine conditions under consideration had on gas generator 
ignition characteristics. 

2. The specified engine component conditioning targets for firings 
01A and 01D were for a worst-case gas generator second peak 
temperature.   No significant gas generator second peak tem- 
perature was recorded on these firings,   indicating that a 
second peak temperature problem does not exist for the J-2 
engine/S-II stage application, 

3. At the coldest thrust chamber temperature predicted for the 
J-2 engine/S-II stage application (-260°F),  the gas generator 
start transient was characterized by apparent inadequate fuel 
quantity to sustain gas generator combustion for approximately 
90 msec immediately after ignition.    However,  no adverse 
effect was observed on the engine start transient. 

4. The initial gas generator peak temperature ranged from 1950 
to 2170°F. 

5. An abnormally high gas generator temperature of 2100°F 
occurred during shutdown on firing 01A as a result of leaking 
oxidizer purge check valve. 

6. Calculated engine thrust was 2. 62 percent higher than engine 
rated thrust. 

7. Vibration in excess of 150 g in the 960- to 9000-Hz frequency 
range occurred on all firings with durations ranging from 13 to 
168 msec. 

8. Comparison of the transient fuel pump head /flow data with the 
pump stall inception data indicated that a conservative stall 
margin was maintained for all firings. 

9. Engine ambient pressure altitude at engine start ranged from 
97, 000 to 108, 000 ft. 
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TABLE I 

MAJOR ENGINE COMPONENTS 

Part Name P/N S/N 

Thrust Chamber Body 

Thrust Chamber Injector Assembly 

Fuel Turbopump Assembly 

Oxidizer Turbopump Assembly 

Start Tank 

Augmented Spark Igniter 

Gas Generator Fuel Injector and Combustor 

Pneumatic Control Assembly 

Electrical Control Package 

Primary Flight Instrumentation Package 

Auxiliary Flight Instrumentation Package 

Main Fuel Valve 

Main Oxidizer Valve 

Gas Generator Control Valve 

Start Tank Discharge Valve 

Oxidizer Turbine Bypass Valve 

Propellant Utilization Valve 

Main-Stage Control Valve 

Ignition Phase Control Valve 

Helium Control Valve 

Start Tank Vent and Relief Valve 

Helium Tank Vent Valve 

Fuel Bleed Valve 

Oxidizer Bleed Valve 

Augmented Spark Igniter Oxidizer Valve 

P/A  Purge Control Valve 

Start Tank Fill/Refill Valve 

Fuel Flowmeter 

Oxidizer Flowmeter 

Fuel Injector Temperature Transducer 

Restartable Ignition Detect Probe 

206600-31 

208021-11 

459000-161 

458175-71 

303439 

206280-21 

308360-11 

556947 

502670-11 

703685 

703680 

409120 

409969 

309040 

306875 

409940 

251351-11 

558069 

558069 

106012000 

557828-X2 

106012000 

309034 

309029 

308880 

557823 

558000 

251225 

251216 

NA5-27441 

XEOR915389 

4076553 

4084917 

4062324 

6623549 

0064 

3661349 

2008734 

4079720 

4081748 

4078716 

4078718 

4056924 

4072594 

4078714 

4079062 

4048489 

4068944 

8313568 

8275775 

342270 

4046446 

■>42277 

4077749 

4077746 

4077205 

4073021 

4079001 

4077752 

4074114 

12401 

211 

60 



TABLE II 
SUMMARY OF ENGINE ORIFICES 

Orifice Name Part Number Diameter,   in. Date Effective Comments 

Gas Generatot- Fuel 
Supply Line 

RD273-4107 0.472 May 15,   1967 Accomplished to raise engine 
performance to model specifications 

Gas Generator Oxidizer 
Supply Line 

RD251-4106 0. 276 April 28,   1067 Necessitated by fuel turbopump 
replacement 

Oxidizer Turbine Bypass 
Valve Nozzle 

RD273-8002 1.300 May 17,   1967 Accomplished to raise engine 
performance to model specifications 

Oxidizer Turbine Exhaust 
Manifold 

RD251-9004 9.99 January 18,   1966 Installed on engine before shipment 
to AEDC 

Main Oxidizer Valve Closing 
Control Line 

410437 0.26 May 22,   1967 Accomplished to change main oxidizer 
valve second-stage opening time from 

Augmented Spark Igniter 
Oxidizer Supply Line 

406361 0.150 April 7,   1967 Sized per S-II specifications 



TABLE III 
ENGINE MODIFICATIONS (BETWEEN TESTS J4-1554-30 

AND J4-1801-01) 

CO 

Modification 
Number 

Completion Date Description of Modification 

RFD-44-67 June 1,   196 7 Addition of Oxidizer Bootstrap 
Line Thermocouples 

RFD-45-6 7 June IB,   1967 Removed Thermocouples Installed 
per ECP's J2-405 and J2-564 on Engine 

RFD-39-67 June 16,   1967 Installation of Thrust Chamber 
Thermocouples 

RFD-46-67 June 20,   1967 Start Tank Discharge Valve Opening 
and Closing Control Port Thermocouples 
Installed 

RFD-47-67 June 23,   1967 Addition of Engine Conditioning System 
Screen Manifolds 

*RFD - Rocketdyne Field Directive 



CO 

TABLE IV 
ENGINE COMPONENT REPLACEMENTS 

(BETWEEN TESTS J4-1554-30 AND J4-18O1-01) 

Replacement Completion Date Component Replaced 

UCR-007948 May 25,   1967 Fuel Turbopump Assembly 

UCR-007939 May 25,   1967 Gas Generator Control Valve 

UCR-OO7039 May 25,   1967 Gas Generator Outlet Temperature Transducer 

UCR-007948 May 25,   1967 Fuel Turbine Inlet Temperature Transducer 

*UCR - Unsatisfactory Condition Report 

o 
n 



TABLE V 
ENGINE PURGE AND COMPONENT CONDITIONING SEQUENCE o 

o 

Turhopump and GBJ 
Oenermor Pure.e 
(Purge Manifold 
üywtem) 

Oxidixer Dnmn and 
Gaa Generator Liquid 
Oxygeu IiijfLitur 
{Engine PiiL-mimllr 
System) 

Oxidiiel Dujne 
* Facility Lin« to 
Port 0O3A) 

Oxldiirl  Turbujiump 
Intermediate Senl 
Covity (Fngwe 
Pneumatic Syitem) 

Thrust Chamber 
Jacket 
(Cunlumer Connect) 
Panel 

Thrut*t Chamber 
Temperatur* 
Conditioning 

Pump Inlet 
Pressure and 
Temperature 
Conditioning 

Hydrogen Start Tank 
and Helium Tank 
Pre« «urn and Tem- 
perature Conditioning 

Crossover Duct 
Temperature 
Conditioning 

Main Oxidixer Valve 
Actuator Tempera- 
ture Conditioning 

Main Oxldiier Valve 
Closing Control Line 
ICimriitlnfilngt 

Pneumatic Regulator 
Temperature 
Conditioning 

Helium,      82 - 125 prna 
SO - a DOT 

'Nominal) fc scfm 
at Customer Connect 

Witroeen,    400 ± 25 paig 
5ft - 2t)(TF 

{Minimum) 220 arfm 

Nitrogen,     400 - 45 ft p"»i£ 
100 - 2ftOT 

(Nominal)    W0 tvltn 

neltum, 400 * 25 pniß 
Amhlcnl 
Temp*rnture 
28CK) - ?000flcbn 

ilciluni,     40 - B0 pRig 
50 - 3 OUT 

(Vnminai) 60 scfm 

ncilum,      13 - 14 pnig 
SO - 200" F 

(Nominal) tu *ctm 

Helium;  1000 p*l£ 
-300T U» Ambient 
10 • 20 U>m/rauii 

Oxidizer; 35 to 4B onia 
-398 to -2B0T 

Fuel; 2« to 40 paia 
-424 to -4 IßT 

l - B0 1-7(1 1 - BO t - 50 I - 44J t - iO i - 1!» I - 10 t - 0 I »   10 

Hydrogen; 1200 to 14ÜU psla 
-300 to -Mtfr 

Helium; 1700 to J250 psia 
-300 to -HOT 

Hnlium;   -300T 
to Ambient 

Helium;   -300"K 
to Ambient 

Helium;   -300T 
to Ambient 

Helium;   -300T 
io Aniuiunt 

1/-, Conditioning lemperalure tu be malninlned »fir the last 3d mln of pre-fire. 



TABLE VI 
SUMMARY OF TEST REQUIREMENTS AND RESULTS 

*PDC-TR-67-181 

OIA 01B 01C 01O 

Target                  Actual Tart«!               Actual Target                 Actual Target                 Aclual 

Tim« of Day, hr/Firing Date i22eyju:y ■, IKT 1443/Jaly 6,   mal IfCS/July 1.   19S7 0107,'Ju;y 7,   1867 

Prataura Altltule at Enjlne Slut, fl (R«?f    1> »7,0» ... 10-1.000 MW. DCf lOft, C(X) 

Firing Duration, aec© 30. 0                 30.075 3.0 S 073 5.0 6.0TS &. (1 S.M-SI 

Ku«t Pamplnl-t Cnndltlara 
»I Engine Sturl 

Preaiture, pala «■:. 21'. 0 »:j 26. 1 »..:; 10  5 »■•U ». 0 

Tamperaiure, *F ■12'.. 4 = 0.4 -420.B -131.4 »0.1 -421.2 •411.4 ±0.4 -431.6 -431.4 t 0.4 ■43L« 

Oxldlzar Pump Irlrt Conditions 
ai Engine Start 

Pre*aure, pata < 40.4 «:. 40.4 < 40.1 < 40.6 

T«mp«ratur«, "F -215.2 s 0. 4 -295.f •295. 2 t 0.4 -2114. 7 '2S&.2 2 0.4   1        -233.11 •24». 2 = 0.4 -2S5.7 

Starl Tmt\k CootiJlluna at 
Engin« SUM 

Preeeur«».  pala 1300 x 10 HOT 1300 : 10 12113 1300* 10 1281 1300*  10 1269 

Temperature. "F •300 x 10 • 204 -300 t 10 -306 3(10 * 1 ' •301 -300 1 10 -301 

H«llum Tank Condition! 
at Engine Starl 

Preieure.  pale 2J07 2156 ... 2199 »\3Ii 

Temperature, "F ... -J04 ... -105 -3..T                                                       -301 

Thrust Chamber Trrapan.urB 
Conditlcna al Engine Starl, "F 

Throal •150 1 15 -103 -2SG 2 16 -257 • 2no ± ir. •im       !   -:50 * 15            -no 

Average ... -152 •2)5 •221 -•04 

Crosaoxir Duct Tvn-.peret.tr.; 
at Knglr.« Start, *FQ) 

TFTD-2 °:i« -SO »::. -67 -.CO* 15 •133 »::, 
TFTO-3 °::„ -19 •:.i -17 -itot id -10 < •IB 

TFTO-8 0Mi 

-10 
•22 •US •35 -1ÜO* 15 • 10« °:Z -24 

Main Oxid I r er Valve Cloning Control 
Lin« Toraperatura el Enuma Stan, *FG) 

•65 t 10 -139 -as t lo -102 •65 t 10 -D(l -65 t  10 -61 

Malti OxldU«r Valv« Sacond-Staga Actuator 

Terr.peralure at Engine Start, *?vi' 
-1301 10 -187 •1501 10 -152 -150 i 10 -146 -150i  10 -127 

Pneumatic Cunlrol Packaga Tamperatmra 
al Engine Start, T© •as = 111               -113 -55 * 10 -115 -85 i 10 -1«. -U i 10 •H 

Fuel i,«ad Tun»,  MC@ l.»t 0.05 1.31C 1.0 t U.05 1.011 :.c- s o or. 1.011 :.0t o.« 1,014 

Propel onl m Engine Time, mln 60 no E0 ... 60 1! 63 112 

Propellent R^clrciilallan Tine,   mln 10 10 10 :c ID 16 ID 10 

Start Sequence Logic ' Noriral" 'Normal' ".Normal' "Normal ' "Normal" •Normal" "Normal" "Normal" 

Oaw Oanaralor Oaldiaer Suppl;   Lin« 
T«mp«rature at Engine Start, *F 

TOB3-1 -75.0 -4 4.0 •6fl.5 -14.4 

TOBS-2 -76.7 -74.7 •162.0      5 -69. 3 

TOBS-3 ... -254.7 -24 B.I ... -25T.1        | 2S 1.0 

Start Tank Discharge Valv* Opening 
Control Temperature at Engine Start, *F 

... •123.1 ... -105.2 ... •132.a -B0.« 

Vibration Safely Cuunt Duratlonlpuec} and 
Occurrence Tim* (lecl from In© 

... ^^ 120    ^S^ 

.^^0.169 ^^ 
13      ^^ 

^^ 
14Ö     ^S^x ■••     ^^     \bt   ^•^' 

Claa Qtern»tor Oullrl 
T«nip»ratura. *F 

Initial Paak   HID lt'50 2U0U                                                       US0 

Second Paak ... ... ... IfifO 

Thruit Chamber IgnllLon Time, see 
(Rat. tc>   IPC-3 ■ 100 pata)© ... o.ltflr, 0.9SB ... i.ec4 0.982 

Main Oild.aer VaWe S^nqd-Stage Initial 
Movement,  a«c (Haf- to*© 0.958 ... 1.002 1.007 

1 
0.1IH4 

| Main-Stag« Preaauxa No.  2, aec (Ref. t0.xi/ 1.633 1.744 I.W» i.r.t.. 

550-pela Oiamhrr Pre»«urn Attained,  tec 
iR«r. i0) 1.913 ... 2.342 ... 2.086 I.M2 

Propellent UtUUatkn Volvo POM :i Ion at 
I  fcrvjiiatirt,   Engine S'.arti'tn *  10 its 

Null         ^S" 

^s^ Cloawa 

Hull           -^ 

_S^ Cloaed 

Null          -^ Null          .^ Null       ^X" Nell       ^^^ Kill       ^S* NuU        ^^ 

o Nclft:   ^^ Data redue«rt fi-om oa:lliogrsm. 

^Camponrnt cortdlUanlrg'to h« malnialnrd within Umlta 

*—'Componen! cooditlnnlxg to be melrlalni^l a-lthln lie (la 

for LajT It txin 

for laa; 30 min 

3«fore encH' 

bafur« «imii* 

•l«rt. 

atart. 
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TABLE VII 
ENGINE VALVE TIMINGS 

o 
n 

Ftrlntt 

Kuabvr 

J4-I801- 

" 
Marl 

Sun Tanli. 

Ultielialye Valvt 
Main Fuel \ alve 

Male Ovtriljee Vikp 

Kit si 3ti*t|e 

Main 0 *ldi*cr 

jnil lila. 

Valve 

Valve 

Opi'iinif: 

Time. 

fina fifnrnlor 

Fuel Poppet 

Una linneralar 

OildLier 

Poppe* 

Ovlilizcr   Tut Mil« 

BypaSB VaUe 

Start Tank 

Dlathnre.e Valve 

Time 

uf 

Opening 

Signal 

fillv« 

Delay 

Time. 

let 

Valve 

Opening 

Time, 

■ at. 

Tune 

uf 

Opcr.ln« 

ll£nal 

Valve 

Delay 

Time. 

*c0 

Valve 

UpcnulK 

Time. 

■ *ji- 

Tun« 

Opening 

Sienal 

Vilve 

Delay 

Time. 

Valve 

Opening 

Time. 

■ VC 

Time 

lit 

Optimne, 

Signal 

Valve 

Dtilay 

Time. 

■ VI. 

Tun* 

uf 

I IpenlnK 

bifinal 

0.442 

Vlivt 

Delay 

Time. 

pec 

Valve         Tune 

Opening          oi 

Time,       Opening 

• ei*            Signal 

Vaive 

D»Ly 

Tun.'. 

aei 

Valve 

Opening 

Time. 

aei? 

Time 

CtusDig 

5l|||iul 

Vll«< 

Delay 

Time. 

e 

Valve 

Clualni: 

Tlrrr, 

Bee 

Time 
nr 

l/luBlnc 

Signal 

Valve 

Delay 

Time, 

aec 

Valve 

Closing 

Time.  ■ 
aee 

niA 0 0. inn 0. 14R -1  010 0, Oil 0  050 0   442 I). Oil U.014 0.44a u. i4u 2. JI1J 0.005 o.ust 0. 442 a   IM 0.O7J 0  442 0. .'' 1 0   .100 11. 442 0. 101 fl   211.1 

0. 202 OIB 0 f). 15!) 0. 1S2 1   OH 0. OHO 0.04» 0   441 0. 012 ll.Olill Ü. 441 a. &r;o 2. 442 0. 44 1 o, our. 11. USS 0. 441 J   1113 ii  i'ifll 11   14] o. :aa 0. 100 |1. 441 0. 102 

OIC 1> o. inn 0, IBS i on n.ots 0. OSS (1   442 (1  Ui4 11.1110 1). 442 

Ü. 440 

n.iiii 

U. 14S 

3.417 0.441 U.l)e7 a. 054 11,44? a IM 0.014 0. 442 0   'Jill 0  177 0. 442 0. 107 0. 20! 

DID 0 0, !5B 0. 180 -1. 01! ii nsn 0. 01B 0. 410 o. oa» 0.010 2.420 'J. 440 Ö.0UJ 'J. U1U 0. 441] u. 1M o.oaa 0. 4 10 0  2e0 0.201 0. 440 0. 100 0. !77   1 

Pre~Klre Final 
deque-nee 

0 0.0ÜB ft. 110 -! on o.ojfi O. 07fi O. 448 D. 04H 0. CV5C1 0  44K oi lav 1.4HU 1). 44li 0.070 0.04« I). 440 0. 140 0  Vi» 0. 44S D. 211 0. 2111 0. 44fi 0. DOS 0. iM' 

Firing 

Nunit>er 

J4-IB0I- 

Uhultiown 

Main tuel Valve Main Oltimzer Valve 
Gou GrncratDr 

Fuel  Poppet 

fjas tjenerator             U         „     ,          ,.     . 
OMJUW                                 O...I«..r Turbine 

Hupp«,                                     Hyp... \a,v. 

Ttmr 

nr 
Clnalne. 

Slcrml 

Valve 

:).■.,). 

Time 

■ ee 

Vulve 

Clualjig 

Time. 

»ee 

iiiiiir       Valve 

ur          Delay 
riontne.    Time, 

Signal         aet 

Valve 

Clue lug 

Tliru'. 

aec 

Tim** 

ul 

ClUBilLg 

Sitrnnl 

Valvi. 

Delay 

Tune. 

Valve 

ClMtnj7 

1 Ime. 

let 

Time 
Ml 

f Loamg 

S.gnal 

Valve 

Tie lay 

Tuur, 

Due 

Valve 
dnalnfl 

Time. 

aer 

Tlmn 

nf 

rOpefilJlH 
l>ii;nii] 

Valve 

Delay 

Time. 

Bei 

Valve 

ripeninc 

Tlmft. 

arc 

t), 80S 0IA 10. 076 0   111 1)   323 JO. 07« JO. 00« o. mo 2-a. 070 0. 070 o. 02a .til   07H 0  018 Q. 021' 30. 07ft 0.2X2 

niR a. 1)73 1). 133 J. 301 0.073)0. 070 0. 203 1. 073 D. 072 0. 022 5. 0IJ 0. U10 0.O27 5   073 0. 210 0  702 

OIC a. na 1). 1 24 1  314 1.073J0. 070 0. 2011 5.073 o. o?r. 0. 020 1. 073 0. 018 0. 0.12 5, 073 0. 2fi« 

0. 2(11 

0. 721 

0. G81    j 0ID              |    3. 1)12 0. 11II J  341 0. 072 | 0.070 0. 201 

0. 120 

1. 072 0. 072 

0.00' 

0. 020 5.072 0  010 0. 030 1   072 

Pre-FlreFlnali 

Sequcncu       J 
0. 0110 1  ?41 • ■ -       0. 070 0. 020 0.001 U.01" 0. 230 0  «01 

INDIFS      1 All valve nliyna] times »ire rrferencenl In t(j, 
2. Vaive Oc.iy lliu* U llle lunc renulrc*] for initial v»lv- tnov4<im««ni -frer the vnlv* "op«n'  or ' t.!«?««!" nolenotd hai b**n fn^rytJfil 
3. KLnal aB4uenr:e check LB conductetl wlthnut })rti),f)l»nl*i »nil wllhtn  13 hi bttfura l<:nliJi^ 
4 Data rrJnred from oncDLo^ram 
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TABLE VIII 
ENGINE PERFORMANCE SUMMARY 

Firing Number J4-1801-01A Site Normalized 

Time, sec 29.5 29.5 

i 

Overall 
Engine 
Performance 

Thrust,  lbf 

Chamber Pressure, psia 

Mixture Ratio 

Fuel Weight FLow,  lbm/sec 

Oxidizer Weight Flow, lbm/sec 

Total Weight Flow,  lbm/sec 

229,000 

775.5 

5.569 

82.60 

458.4 

540. 7 

228, 200 

766.4 

5.568 

81.66 

453. 1 

534. 5 

Thrust 
Chamber 
Performance 

Mixture Ratio 

Total Weight Flow, lbm/sec 

Characteristic Velocity,  ft/sec 

5.778 

533. 7 

7965 

5.779 

527.5 

7963 

Fuel 
Turbopump 
Performance 

Pump Efficiency,  percent 

Pump Speed,   rpm 

73. 1 

26,640 

73. 1 

26,490 

Turbine Efficiency,  percent 

Turbine Pressure Ratio 

Turbine Inlet Temperature, °F 

Turbine Weight Flow,  lbm/sec 

59.fi 

7. 22 

1251 

7. 02 

59. 5 

7.22 

1236 

6.97 

Oxidizer 
Turbopump 
Performance 

Pump Efficiency,  percent 

Pump Speed,   rpm 

80. 3 

8639 

80. 3 

8584 

Turbine Efficiency, percent 

Turbine Pressure Ratio 

Turbine Inlet Temperature, QF 

Turbine Weight Flow,  lbm/sec 

45.5 

2.u8 

813.9 

6.38 

45.4 

2.68 

802.4 

6. 34 

Gas 
Generator 
Performance 

Mixture Ratio 

Chamber Pressure, psia 
1 

0.970 

660.0 

1 

0. 961 

653. 7 

i 

Site - Test Data 

Normalized - Test Data Corrected to Standard Pump Inlet and Engine 
Ambient Vacuum Conditions 
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APPENDIX III 
INSTRUMENTATION 

The instrumentation for AEDC test J4-1801-01 is tabulated in 
Table III-I.    The location of selected major engine instrumentation 
is shown in Fig. III-l. 
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CD 

o,   Engine Pressure Tap Locations 

Fig. Ill-l   Instrumentation Locations 
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R g   .  IF- 
■ 

■JBKF 

b.   Engine Temperature, Flow, and Speed Instrumentation Locations 

Fig. Ill-l   Continued 
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TSOVC-1 

Sequence 
Outlet 

Inlet Port 

TSOVAL-2 

c.   Main Oxidizer Valve 

Fig. 111-1   Continued 

> 
m 

n 
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TSTDVOC 

TSTDVCC 

Four-Way Valve 

d.   Start Tank Discharge Valve 

Fig. Ill-l   Continued 
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-1 

Liquid 
Deflector 
Assembly 

Control 
Regulator 

High Pressure Relief 

TBHR-2 

Helium Inlet ^ 

Ground Vent Control 

Bleed Regulator 

Ignition 
Control 

TBHR-1 

Low Pressure Relief 

Main-Stage Control 

Helium Control 

Top View 

e.   Helium Regulator 

Fig, III 1   Continued 
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*> 

TSC2-I 

TUBE-45 

TUBE 281- 

f.   Thrust Chamber 

Fig. Ill-l   Continued 

TURBINE EXHAUST MANIFOLD 
HATBANDS 

TSC2-I9 

•TSC2-I8 

TSC2-I7 

TUBE 135 

TSC2-I2 
TSC2-II 
TSC2-IO 

TSC2-I6 
TSC2-I5 

TUBE 226 
241 

TSC2-9 
TSC2-8 

TSC2-I4 
TSC2-I3 
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-3 
CJ1 

Oxidizer 
Bleed 
Valve 
~V7  

T, 

z8 

TOBS-3 

TOBS-4 

1     T 
-1-2.75 

All Dimensions in Inches 

g.   Oxidizer Bootstrap Line 

Fig. Mil   Concluded 

TOBS-H 

n 
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TABLE Uli 
INSTRUMENTATION LIST 

AEDC 
Ccte 

ICC 

1IC 

EHCL 

EECO 

EES 

EFBVC 

EFJf 

EFPVC/O 

encs 
EID 

EI PCS 

EM CS 

EMP-1 

EMP-2 

EOBVC 

EOPVC 

EOPVO 

ESTDCS 

RASIS-! 

RAS15-2 

RGGS-1 

RGGS-2 

QF-1A 

QF-2 

QFIiP 

CJO-1A 

QO-2 

eORP 

FSF-1 

FSY-1 

LFVT 

LGGVT 

LOTBVT 

LOVT 

LPUTOP 

LSTDVT 

Parameter 

Conti ol 

Ignition 

Event 

Engine Cutoff Lock.n 

Engine Cutoff Signal 

Engine Stan Command 

Fue. Bleed Va.vo Closed Limit 

Fuel Injector Temperature 

Fuel Prevalve Closed/Open Lin-it 

Helium Control Solenoid 

Ignition Detected 

Ignition Phoöt: Control So.eao^c 

Main-Stage Control Solenoic 

Main-Stage Pressure No.  1 

Main-Stage Pressure No. 2 

Oxicizer B.eed Valve Closed Limr. 

Oxiaieer Prevalve Closed Limit 

Oxidizer Prevalve Open Limit 

Start Tank Discharge Control 
Solenoid 

Augmented Spcrk Igniter Sp«rk 
No.  1 

Augmented Spark Igniter Spark 
No. 2 

Gas Generator Spark No.  1 

Gas Generator Spark No.  2 

Flows 

Fuel 

Fuel 

Fuel Recircula-.ion 

Oxidizer 

Oxiaizer 

Oxidiier Recirculation 

Forces 

Side bead (Pilch) 

Side Load {Ya*J 

Position 

Main Fuel Valve 

Gas Generator Vix.ve 

Oxidizer Turbine Bvp ss Valve 

Main Oxidizer Valve 

Propellanl Utilization Valve 

S:art Tank Discharge Valve 

Tap Micro - Magnetic Oscillo- Strip X-Y 
N.> Ritncv 

arn^ 

0 to 3C 

0 lo 3a 

On /Off 

SADIC 

X 

Tape graph 

X 

X 

Chart Plotter 

On/OCI X X X 

On/Off X X 

Dpeni'Closea X 

On i Off t X 

Closed/Open X X 

On /Off X K 

On/Off X X 

On .'Off X X 

On/Off X X 

On /Off X X 

On/Off X X 

Open/Closed X 

Closed K X 

Open X 1L 

PFF 

PFFA 

POF 

POFA 

On/Off 

On,'Off 

On/Off 

On/Off 

0 to 9000 

0 to 9000 

0 to 1SD 

0 -.o 3000 

0 to 3000 

0 to 50 

=20,000 

±2o, oao 

Percent Open 

0 to 1O0 

0 to 100 

0 to 100 

0 to 100 

0 to 100 

0 to 100 
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TABLE II1-1   (Continued) 

AEOC-TR-67-1B1 

AEDC Tap 
Code Parameter No Range 

Pressure psia 

PA1 Test Coll 0 to 0. 5 

PA 2 Test Cell 0 to 1  0 

PA 3 Test Cell 0 io 5.0 

PC-IP Thrjst Chamber CGI 3 to 1000 

PC-." Ihrust Ch-imber CG1A 0 to 1000 

PCAS1-2 Augmented Spark Igniter Chamber IG1 0 to 1003 

PCGG-2 Gas Generator Chamber GG1A D to 1000 

PtfASlJ Augmented Spark Igniter Fuel 
Injection 0 to 1000 

PFJ-1A Mam Fuel Injection CF2 0 to 1000 

prj-2 Mciin Fuel Injection CF2A 0 ID 1300 

PFJGG-lA Gas Generator Fuel Injection GF4 Dto 1000 

PFJGG-2 Gas Generator Fuel Injection GFJ D to 1000 

PFNU fuel Jacket Inlet Manifold CF1 0 to 20D0 

PFOI-lA Fjel Tapoff OnCice Ounel HF2 0 to 1C00 

PPPC-1A Fuel Pump Balunte Pis".on Cavitv PF5 0 to 100Ü 

PFPD-1P Fuel Pump Discharge PF3 D to 1500 

PFPD  2 Fuel Pump Discharge PF2 0 to 1500 

PFP1-1 Fuel Pump Inlet 0 to 100 

PFPI-2 Fuel Pump Inlet 0 to 200 

PFPI-3 Fuel Pump Inlet 0 to 20D 

PFPS-1P Fuel Pump interstate PF6 0 to 200 

PFRPO Fuel Recircülation Purr.p Ou:Let 0 to 60 

PFKPR Fuel ftecirculation Pump Retain 0 to 50 

PFiT-lP Fuel Start Tank TP1 0 to 1SO0 

PFST-2 Tuel Start Tank TF1 0 to 1500 

PFUT Fuel Tank Ullage 0 to 100 

PKV1 Fuel Tank Repress unzation L.ino 
Nozilc InLet 0 to 1000 

PFVL Fuel Tank Kepi cbsunzation Line 
Nozzle Throat 0 to 1000 

PGBXl B>pasa Xciile lnleT TG8 a to 2oo 

PHECI.IO Pneumatic Control MCKIUIC Outlet C to 750 

PHEOP Oxidizer Reeirculation PUOTL 

Pjfge 0 to 160 

PHCr-lP Helium Tank NNi 0 to .1500 

PHET-2 Helium Tank NN1 0 to 3500 

PHR0-1A Helium Hegulatot Outlet NN2 0 to 750 

POBSC Oxidizcr Bootstrap Conditioning 0 to 50 

POBV Gas Generator Oxidizer Bleed 
Valve G02 0 to 2000 

POJ-lA Main Oxidizer Injection CO;) 0 ta 1OO0 

PCJ-2 Main Oxtdizer Imection CO JA 0 to 100Ü 

POJGG-1A Gas Generator Oxidizer Injection COI 0 to 1000 

Micro-     Magnetic    Oscillo-     Strip       X-Y 
SADIC Tape        graph Chart    Plotter 
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TABLE lll-l    (Continued) 

AfcDC 
Code PUJ «imcler 

Pressure 

I'ap 
No Range 

Micro- 
SAD1C 

Magnetic 
Tape 

Oscillo-     Strip       X-Y 
graph         Chart    Plotter 

POJGG-2 Ca^ Grnriaiui Oxidizer Injection G05 0 to 100Q X 

POPBC-1A Oxidizer Pump Bi ar mg Cocilam PO? 0 to 50U \ 
POPD-IF OxiGlzei   Pumn Discharge POJ 0 lo 1500 X 

POPD-2 Ox>ci/er Pumt, Discharge P02 0 lo 1500 X X X 

POP1-: Uxic.zci  Pjmp \nW\ 0 to 100 X X 

POP1-2 Oxici/cr Pjinp lnlut 0 to 200 X y 

POHI-T Üiicj7ei   Pump ln]el 0 lo 100 \ 
POPSC-1A Oxidlz-cr Pump Fnmaiv Spa] 

Cavily POb 0 to 50 X 

PORPO Oxidizer Recirculation Pump 
Outlet 0 to 115 \ 

POKPK Oxidizer Recirculation Pump 
Reiurn 0 lo i00 X 

POT1-1A Oxidizer Turb.ne lnle: rGi Olo 200 \ 
POTO-IA Oxidizer Tur=.-.e Outlet 7C4 3 vu ,on X 

pour Oxidizer Tan*. Ullage :• -,o ice X 

POVCC Main Oxidizer Valve Closing 
Control 0 -.o 50U y X 

POVl Oxidizer Tan/ Repl essut lzalion 
Line Nozzle Inlet 0 tu 1000 X 

POVL Oxidizer Tank Kepressunzalion 
Lino Nozzle 1'hroat 0 to 1000 y 

PPUVI-1A Propcllant Uu.-zation Valve Inlet P08 0 to 10C0 X 

PPUVO-1A Propellant UU..zalior. Valve 
Outlet poy 0 to 5D0 X 

PTC?JP Thrust Chamuel   .JLel JacKet 
Pjrge 0 to 100 > 

prpp Tuibopump and Gas Generatot 
Purge 

Spends 

0 to 250 

rpm 

X 

NFP-1F Fuel Pump PF V 0 to JO, 0OD X X X 

NFRP Fuel RcLirculation Pump 0 to 15, 000 X 

NOP-IP Oxidizer Pump POV 0 to  12, 000 X X X 

NORP Oxidizer Recirculation Pamp 

Temperatures 

0 ID 15, 000 

F 

X 

TA1 Tes-, Ce.l-INonh) -60 to 4b00 -( 
TA2 Test Cell (Las-.) -50 to + BÜD X 

TA3 Test Ce.l (Souihl -50 to 4 BOO X 

TAJ Test Cell IVvest) -50 lo +800 X 

TAIP-1A Auxiliary Instrument Package -300 to +200 X 

TBF'R-1 Helium Regulator Body INorth 
bide) -100 to T50 X 

TBHR-2 Helium Regulator Body ISouth 
Side! -100 to -50 X X 

TBtC Oxidizer Boo.&trap Conditioning -360 :o -150 X 

TCLC Main Oxi-lizer Valve Closing 
Conti 01 Line Conditioning -323 ;o +200 * 
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TABLE lll-l   (Continued) 

AEDC-TR-67-1B1 

AEDC 
Code Parameter 

Temperatures 

recP-iP Elettricr.1 Controls. Pack age 

TFASIJ AugTnentea Spark Igniter 
Injection 

Fuel 

TFBV-1A Fuel Blecc Valve 

TFJ-lP Main Fuel Injection 

TFPD-1P Fuel Pump Discharge 

TFPD-2 Fuel Pump Discharge 

TFPDD Fuel Pump Discharge Duct 

TFP1-1 Fuel Pump Inlet 

TFPI-2 Fuel Pump Inlet 

TFRPO Fuel Reeirculation Puir.p Oui'.et 

TFRPFi Fuel Reell culatian Pump 
Return Line 

TFRT-1 Fuel Tank 

TFRT-2 Fuel Tank 

TFST-1P Fuel Start Tank 

TFST-2 Fuel Start Tank 

TFTD-1 Fuel Turbine Discharge Duct 

TFTD-lR Fuel Turbine Discharge 
Collector 

TFTD-2 Fuel Turbine Discharge Duct 

TFTD--5 Fuel Turbine Discharge Duct 

TFTD-3R Fuel Turoine Discharge Line 

TFTD-4 Fuel Turbine Discharge Duct 

TFTD-4R Fuel Turbine Discharge L^ne 

TFTD-^ Fuel Turbine Discbarge Duel 

TFTD-b Fuel Turbine Discharge Duct 

TFTU-7 Fuel Turbine Discharge Duct 

TFTD-B Fuel Turome Discharge Duct 

TFTI-1P Fuel Turajne Inlet 

TFTO Fuel Turbine Outlet 

TGCO-1A Gas Generator Outlet 

THET-1F Helium Tank 

TMOVC Main Oxidizer Valve Actuator 
Conditioning 

TOB3-1 Oxidizer Bootstrap Line 

TOBS-2 Oxidizer Bootstrap Line 

TDBS-3 Oxidizer Bootttiap Line 

TOBS-4 Ovidiaer Bootstrap Line 

TOBS-5 Oxiduer Bootstrap Line 

TOBSC1 Oxidizer Bootstrap Conditioning 
Inlet 

roBsco Oxidizer Bootstrap Conditioning 
Outlet 

Tap 
No 

NST1A 

IF'l! 

G1T1 

OFT 2 

PFT1 

PFT1 

Micro-    Magnetic    Oscillo-     Strip       X-Y 
Ranfle SADIC Tape        graph Chart    Plotter 

TFT1 

TFT1 

TFT1 

TFT2 

GGT1 

NNT1 

TOBV-1A       Oxidizer Bleed Valve GOT 2 

-300 to +200 

-425 to -100 

-425 ;o -375 

-425 to T250 

-425 to -400 

-425 to -400 

-320 to +300 

-425 to -400 

-425 to -400 

-425 to -410 

-425 to -£50 

-425 to -410 

-425 to -410 

-350 to +100 

-350 to +100 

-200 to +B00 

-200 to +S00 

-200 to +'.000 

-200 to H 10DD 

-200 to +630 

-200 to +10D0 

-200 to +900 

-200 to +1400 

-200 to +1400 

-200 to +1400 

-200 to+ 1400 

0 to 1800 

0 to 1800 

0 to 1800 

-350 to+100 

-325 to +200 

-300 to +230 

-300 to +25C 

-300 to +250 

-300 to +250 

-300 -.0 +250 

0 to IOC 

C to 100 

-500 to -250 
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TABLE lll-l    (Continued) 

A CDC 
Code 

rOPH-lA 

ropu-i:j 

rOPÜ-2 
rcprw 

TOP! ■ 1 

TOPI-2 

roRPO 

roiiPH 

roF.r-i 

iosr-3 

TOTI -1 p 

IOTO-1P 

TOVJ. 

TPir-ip 

rppc 

ISC2-1 

Ti?C2-2 

TSC2-3 

TSC2-4 

TSC2-5 

TSC2-G 

T5.C2-7 

T5>C2-8 

TSC2-S) 

■ISC2-10 

ISC2-1J 

TSC2-12 

T3C2-J3 

rsca-i-i 

TSC2-15 

T&C2- lb 

TSC2-1" 

1SC2-16 

T-3C2-!D 

T3C2-20 

TSC2-21 

TSC2-22 

ISC2-21 

T»C2-24 

TSOVAL-1 

Pararneiüi 

1 Lir.pci stures 

Oxir:7et   Pjmp H(*£l .rig CooL.nl 

Oxiiiiitjt   P jn^p Dihjhaifi« 

Oxidi'.er I3 imp 0.ö:LII:L: e>e 

Oxulizer Pump Di%i_:ui ge Skin 

0\ifii/ci  Pun^p- Imet 

OMdizer Pump Init-t 

ClMdizer Recirculation Pump 
Outlet 

Oxidi4£i   Hecm-uLalion Pjrnp 
rtt?".m n 

0\i'lizer Turx 

Ovtrlue:   I »iik 

Ox.dizc:   Tin bine Inlet 

Oxidizci   Tufbinp Outlet 

Oxidizer Tank Repressunzation 
Line Nozzle Throat 

Pumory Instrument Packjge 

Pneumatic Pac<cd.gii Conditioning 

Thi usl Chambei Skin 

Lhllpal Ch<*liimr Skin 

Thi Ui,t Chamber Skin 

Th:ust Chambei Skin 

'lhrust Chambei Skin 

Thrust Chamber Skin 

Thrust Chamber Skin 

Thrust Chamber Skin 

Thrust Chamber Skin 

r.-.r JSL Chambei- fekln 

Thrust C.iamb«r £:kin 

Tin ust Ctdmbc. Skin 

Thi L5t Chambei  Skin 

Thrust Chamber Skin 

Thrust Chambei Skin 

Thi usl Chamber Skin 

Thrust Chambei  Skin 

Tfcrjst C.Tambei Skin 

llji jii C.-.i«jr.bn" Skin 

Thirst Chumbrr Skin 

Thrust Chamber Skin 

Thrust Chamber Skit 

Thrust Chamber Skin 

Thrust Chamber Skin 

Oxidizei  Valve Closing; Contiol 
Line 

Tap 
No Hange 

1L 

Micro- 
SADIC 

Magnetic 
Tape 

UaciLlu 
^rapti 

Strip 
Chart 

X~Y 
Plotter 

POT 4 -300 to -250 * 
POT'* -'0-J lo -250 X X X X 

POI J -iOO to -250 

-303 to -100 

-310 *.o -270 

-J10 to -270 

■300 lo -250 

-300 to -HO 

- J0D '.o -267 

-J'JO-.o -287 

X 

X 

X 

r, 

X 

X 

X 

X 

X 

X 

xcra 0 10 1200 y. X 

Tcr-i 0 to 100CI 

-iOO to + 10G 

-300 lo 4 200 

-325 to -200 

-300 to -000 

-J00 tc i500 

- 100 to +5U0 

-300 to-*500 

-300 to +500 

-300 to +500 

-300 lo +500 

-300 to -«-500 

-300 lo +500 

-100 to 4 5O0 

-,'00 to 4*00 

-.'00 lo 4500 

-TOO :n +5 00 

-300 to --500 

-300 to H.50C 

-300 to +500 

-J00 to +500 

-J00 to 4 50U 

->03 ;o -500 

-303 :o +500 

-300 lo -300 

-300 to 4 500 

-300 lo -»500 

-'100 lo +500 

-200 lo +100 

X. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

S( 

X 

X 

X 

X 

X 

X 

X 

X 

X 

rf 

X 

X 

X 

X 

A 

X 

X 
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TABLE lll-l   (Concluded) 

AFDC 
Code Parameter 

jrnperatures 

Tap 
Mo. 

TSOVAL-2 Oxidizer Valve Closing Control 
Line 

TSOVC-1 Oxidizer Valve Actuator Cap 

TSOVC-2 Oxidizer Valve Actuator Filter 
Flange 

TSTC Start Tank Conditioning 

TSTDVCC Start Tank Discharge Valve 
Closing Control Port 

TS TDVOC Start Tank Discharge Valve 
Opening Control Port 

TTC-1P Thrust Chamber Jacx L 
(Control) CS1 

TTCEP-1 Thrust Chamber Exit 

TXOC Crossover Duct Conditioning 

Vibrations 

UFPR Fuel Pump Radial 90 deg 

UOPR Oxidizer Pump Radial SO deg 

UTCD-1 Thrust Chamber Dome 

UTCD-2 Thrust Chamber Dome 

UTCD-3 Thrust Chamber Dome 

U1VSC No.  1 Vibration Safety Counts 

U2VSC No. 2 Vibration Safety Counts 

Voltage 

VCB Control Bus 

VIB Ignition Bus 

VIDA Ignition Detect Amplifier 

VPUTEP        Propellant Utilization Valve 
Excitation 

Rarste 

-200 to+100 

-325 to+150 

-325 to+150 

-350 to HI50 

-350 to +100 

-350 to +100 

-425 to +500 

-423 to +500 

315 to +200 

£. 

±200 

±200 

*500 

£500 

to 00 

On/Off 

On/Off 

Volts 

Micro- 
SAD1C 

Magnetic    Os-ciLlo-     Strip       X-Y 
Tape       graph Chart    Plotter 

0 to 36 

0 to 3B 

9 to 16 

0 to 5 

81 



AEDC-TR-67-181 

APPENDIX IV 
METHODS OF CALCULATIONS (PERFORMANCE PROGRAM) 

TABLE IV-1 
PERFORMANCE PROGRAM DATA INPUTS 

Item 
No. Parameter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Thrust Chamber (Injector Face) Pressure,  psia 

Thrust Chamber Fuel and Oxidizer Injection Pressures, 
psia 

Thrust Chamber Fuel Injection Temperature, °F 

Fuel and Oxidizer Flowmeter Speeds,  Hz 

Fuel and Oxidizer Engine Inlet Pressures,   psia 

Fuel and Oxidizer Pump Discharge Pressures,  psia 

Fuel and Oxidizer Engine Inlet Temperatures, °F 

Fuel and Oxidizer (Main Valves) Temperatures, CF 

Propellant Utilization Valve Center Tap Voltage, volts 

Propellant Utilization Valve Position,  volts 

Fuel and Oxidizer Pump Speeds,   rpm 

Gas Generator Chamber Pressure,  psia 

Gas Generator (Bootstrap Line at Bleed Valve) 
Temperature, CF 

Fuel* and Oxidizer Turbine Inlet Pressure,  psia 

Oxidizer Turbine Discharge Pressure,  psia 

Fuel and Oxidizer Turbine Inlet Temperature, °F 

Oxidizer Turbine Discharge Temperature, °F 

*At AEDC,   fuel turbine inlet pressure is calculated from 
gas generator chamber pressure. 
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AEDC-TR-67-1B1 

NOMENCLATURE 

A Area,   in. 

B Horsepower,  hp 

c* Characteristic velocity,  ft/sec 

cp Specific heat at constant pressure, Btu/lb/°F 

D Diameter,  in. 

H Head,  ft 

h Enthalpy, Btu/lbm 

M Molecular weight 

N Speed,  rpm 

P Pressure,  psia 

Q Flow rate,  gpm 

R Resistance,   sec^/ft^-in. 

r Mixture ratio 

T Temperature, 'F 

TC* Theoretical characteristic velocity, ft/sec 

W Weight flow, .lb/sec 

z Pressure drop, psi 

ß Ratio 

7 Ratio of specific heats 

n Efficiency 

0 Degrees 

p Density,  lb/ft3 

SUBSCRIPTS 

A Ambient 

AA Ambient at thrust chamber exit 

B Bypass nozzle 
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BIR Bypass nozzle inlet (Rankine) 

BNI BV|;DS.-> nozzle inlet (total.) 

C Thrust chamber 

CF Thrust chamber,   fuel 

CO Thrust chamber,   oxidizer 

CV Thrust chamber,  vacuum 

E Engine 

EF Engine fuel 

EM Engine measured 

EO Engine oxidizer 

EV Engine,  vacuum 

e Exit 

em Exit measured 

F Thrust 

FIT Fuel turbine inlet 

FM Fuel measured 

FY Thrust,   vacuum 

f Fuel 

G Gas generator 

GF Gas generator fuel 

GO Gas generator oxidizer 

HI Hot gas duct No.   1 

H1R Hot gas duct No.   1 (Rankine) 

H2R Hot gas duct No.   2 (Rankine) 

IF Inlet fuel 

IO Inlet oxidizer 

ITF Isentropic turbine fuel 

ITO Isentropic turbine oxidizer 

N Nozzle 

NB Bypass nozzle (throat) 
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NV Nozzle,  vacuum 

O Oxidizer 

OC Oxidizer pump calculated 

OF Outlet fuel pump 

OFIS Outlet fuel pump isentropic 

OM Oxidizer measured 

OO Oxidizer outlet 

PF Pump fuel 

PO Pump oxidizer 

PUVO Propellant utilization valve oxidizer 

RNC Ratio bypass nozzle,  critical 

SC Specific, thrust chamber 

SCV Specific thrust chamber,  vacuum 

SE Specific,  engine 

SEV Specific,   engine vacuum 

T Total 

T0 Turbine oxidizer 

TEF Turbine exit fuel 

TEFS Turbine exit fuel (static) 

TF Fuel turbine 

TIF Turbine inlet fuel (total) 

TIFM Turbine inlet,  fuel,  measured 

TIFS Turbine inlet fuel isentropic 

TIO Turbine inlet oxidizer 

t Throat 

V Vacuum 

v Valve 

XF Fuel tank repressurant 

XO Oxidizer tank repressurant 
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MIXTURE RATIO 

Engine 

PERFORMANCE PROGRAM EQUATIONS 

*'EO 
11 

*EF 

WEO =   »OM   " - Wxo 

WEF = wFM - -   WXK 

*F, =   WRO   - -   »hF 

Thrust Chamber 

'CO 'L 
»cr 

Kco = WOM   -  K'XO   - WGO 

WcF = *FM   "   W\F   " WCF 

*rXO = 0.8 lb/sec 

WXF = 1.8 Ib'sec 

WGO = ÄT   -   WGF 

«fcF = 
WT 

1   +   TQ 

WT = 
PT1F  AT1F  K7 

TC'TIF 

K, = 32.174 

ffc = «'CO  +   Wet 

CHARACTERISTIC VELOCITY 

Thrust Chamber 

r*      K7 PC At 

K7  =  32.174 
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DEVELOPED PUMP HEAD 

Flows are normalized by using the following inlet pressures,  tem- 
peratures,  and densities. 

PlO = 39 psia 

PlF = 30 psia 

p]0 = 70.79 lb/ft* 

pJF = 4.40 lb/ft3 

TK)   =  -295.212°F 

TIF  = -422.547 °F 

Oxidizer 

H0 = K4   (J°°  - M 4   Voo       Pro/ 

Fuel 

K4 = 144 

p  =  National Bureau of Standards Values f (P,T) 

Hf = 778.16 AhoFIS 

AhOFIS  =  hoFIS  -  hlF 

h0FIS   =  f(P,T) 

hlF  =  f(P,T) 

PUMP EFFICIENCIES 

Fuel, Isentropic 
hOFJS - hlF 

1 hoF - K1F 

hOF   =   f(POF, TOF) 

Oxidizer, Isentropic 

'Jo = ^oc Yo 

K10 = 5.0526 

K50 = 3.8611 

K60 = 0.0733 

Y0 = 1.000 

60 
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TURBINES 

Oxidizer,   Efficiency 

»1Ü 
=? l o 

Bro 

»rro 

k5       =   0.001818 

K'PO   =   W()M   +   * I'll VO 

Wpuvo '/v\:\o POO 

ZPUVO   = A   +■   B   (Poo) 
A   = -1597 

13   = 2.3828 

•p!"'00 >   1010  Set  POO   -   1010 

9 P II V 0 

In H   =    \,   +   U. Wpuvo)   +   <"- Wpi'Vff)3   +   D, (e) 

'PU VQ 

1^ (#P[I vo"> W 

^I'liva 

0 

\3  =   5.5659 10~ 

H3   =   1.1-997   ,,   10"2 

C,   =   7.9413   x   10~6 

D3   =   1.2343 

E3  = _7.2r>54  x   10-' 

P3   =  5.0691   >.   10-2 

Öpuvo  =   16.^2.19 

Fuel,  Efficiency 

i p 

»ITK 

B|TF   = Ki0    Ah,     W-j 

ihf = hriF - E>TI:F 

BFF = Bi>r = K5  (^~± 

WpF   = WFV, 

K)0   = 1.4148 

K^    = 0.001818 
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Oxidizer,  Developed Horsepower 

BTO = BPO + K56 

«PO H0 Bpo  =  Ks 
^0 

^5 6 =   -15 

Fuel, Developed Horsepower 

BTF = BPF 

BPF   =   ^5     —^—L 

WPF  =  WFM 

Fuel, Weight Flow 

Oxidizer Weight Flow 

WTO = ä'T - WB 

2 ■*" 
% r VHS-I "I 

WB = —  (PRNC) 
} H2-1 

i 
yn2 

-  (PRNd 
ANB  PBNI 

<RH2.TBIR)^ 

PRNC   = f  (/3NB. yH2) 

/3NB = 
DB 

^2' MH2   - f(TH2H, Re) 

ANB = ^13   DNg 

K-13   = 0.7854 

TBIR = TTIO  - 460 

PBNI = P
TEFS 

PTEFS = Iteration of   PTEF 

^H2 

PTEF   = PTEFS 1 ♦ K8 L »») 
\FTEFS j 

TH2R          /  y ä2-l\ 

>'H2    )_ 

>'H?-J 

D*TEF MH2     I 

38.S983 
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GAS GENERATOR 

Mixture Ratio 

re = Dt CTHI)
3
  + CJCTHI)

2
 - B^THI)  ^ ^ 

B 

C 

D 

Tu 

= 0.2573 

= 5.586  x   Itr4 

= -5.332   x  10-9 

= 1.1312  x   10-11 

= T-j-ifM 

Flows 

TC*TIF  =   D2(TH|)
3   +  C2(THI>

2
 +   B2(THI>  I-  A, 

A2  =   4.4226  x   103 

B2  =   3.2267 

C,  = -1.3790  x   1C~3 

D2   =   2.6212   x   JO"7 

PT1F   =   PTIFS 

-I   yHi 

TIFS 

THiR ^Hl"1 

D*T[F  MH3 )'H1 

•Hl-1 

K8  =   38.8983 

Note: Pjip   is determined by iteration. 

T|[|R  =  TT|F 

Mill, V1 [ i, Cp, rHl   =   i   (THIR, TQ) 
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